isolated renal magnesium wasting, is very rare. The nosological classification of isolated renal magnesium Background. The cardinal characteristics of primary wasting currently is controversial [2] . Furthermore, a hypomagnesaemia-hypercalciuria-nephrocalcinosis recent review fails to separate isolated primary renal include renal magnesium wasting, marked hypercalciumagnesium wasting from primary intestinal hypomagria, renal stones, nephrocalcinosis, a tendency towards nesaemia [5] , an inborn error caused by a selective chronic renal insufficiency and sometimes even ocular defect in intestinal magnesium absorption [6, 7] . abnormalities or hearing impairment.
Introduction
calcinosis and sometimes even ocular abnormalities [2] . Very few patients with PHHN syndrome have Intestinal malabsorption (including low dietary magbeen described [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . In PHHN, information on nesium) or renal losses cause hypomagnesaemia [1] . renal tubular function and long-term outcome is rather Diuretics, cisplatin, aminoglycosides, cyclosporin or poor. In this report, we provide information on nine amphotericin B mostly account for renal magnesium patients. We also review the patients with PHHN wasting [1] . Primary renal magnesium wasting is rather reported to date in the literature [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . unusual [2] [3] [4] . Four basic types have been recognized, as given in Table 1 . The first basic type, referred to as Milan (Italy) and Palermo (Italy) between 1970 and 1997. Results
The cases of patients 1 and 2 have already been published in part elsewhere [26 ] . The diagnosis of PHHN was based The history and the initial clinical and biochemical on the repeated demonstration of normal blood pressure, findings of the nine patients (six girls and three boys, plasma magnesium <0.75 mmol/l (by xylidil blue colorimetage at diagnosis from 0.5 to 12 years), who belonged ric assay [27] ), molar ratio of urinary magnesium to creatinto five different families, appear in Table 2 . The parents ine markedly higher than age-dependent lower reference of patients 1 and 2 were second degree relatives, those values (children aged 6-24 months: 0.40; children aged 2-10 years: 0.30; children aged 11 years or more: 0.20) [28] , molar of patients 6, 7 and 8 first degree relatives (patients 6 ratio of urinary calcium to creatinine [28] markedly higher and 7 were monozygotic twins). The current age of than age-dependent upper reference values (children aged the patients ranges from 10 to 36 years. The patients 6-12 months: 2.20; children aged 13-24 months: 1.50; chilhad been referred for evaluation because of urinary dren aged 2-3 years: 1.40; children aged 4-5 years: 1.10; tract infections (n=7), renal stones (n=3), polyuria children 6-7 years: 0.80; children aged 8 years or more: 0.70) (n=4), failure to thrive (n=1), vomiting (n=1) and and extensive medullary nephrocalcinosis (clearly visible on gross haematuria (n=1). Surgical stone management plain X-ray films and confirmed on renal ultrasound). The was required repeatedly in patients 1 and 3. One initial evaluation also included the determination of plasma subject (patient 8) was referred because she was the creatinine, sodium, potassium, chloride, uric acid and calsibling of two recognized patients (twins 6 and 7). cium, plasma and urinary inorganic phosphate, the blood acid-base balance, proteinuria, glucosuria and aminoacidu-Patients 4 and 5 developed nephrolithiasis 7 and 10 ria, and the glomerular filtration rate (GFR; by inulin (n= years after diagnosis. Pregnancy, delivery and neonatal 5) or creatinine clearance (n=4)). body weight were normal in the nine patients. In The molar urinary oxalate over creatinine excretion was patients 6 and 7 (twins), neonatal body weight was normal in the patients [29] , as compared with age-dependent <2.50 kg. Ocular involvement, including myopia, upper reference values (children aged <6 months: 0.360; macular colobomata and tapetoretinal degeneration, children aged 7-24 months: 0.174; children aged 2-5 years: was present in siblings 1 and 2 (toxoplasmosis initially 0.101; children aged >5 years: 0.080).
had been suspected in these patients). Mild bilateral
In four patients (1, 2, 3 and 5) , the renal contribution to neurosensorial hearing impairment was detected at the acid-base balance was assessed after peroral administration age of 17 years in patient 5. Hearing had been found of ammonium chloride at a dosage of 3.0 mmol/kg body weight followed by parenteral administration of sodium to be normal in this patient 9 years earlier. GFR was bicarbonate at a dosage of 1.0 mmol/kg body weight [30] . The moderately decreased in patient 3 and slightly urinary excretion rates of bicarbonate and ammonium were decreased in patient 6. The initial GFR of 75 and plotted against the corresponding concentrations of bicar-51 ml/(min 1.73 m2) noted in patients 4 and 5 might bonate in plasma. At the crossing point of the two curves, a well be normal, considering their age of 6 months. 'bicarbonate equivalent point' is present, which represents Uric acid was slightly increased and GFR consistently the acid-base equilibrium that the kidney is able to maintain decreased at diagnosis in patient 3. Metabolic acidosis [30] . In six patients (1, 2, 3, 4, 5 and 9), the renal ability to was noted in patient 5. Hypomagnesaemia and dilute urine following oral water administration and to 'normal' or high urinary magnesium excretion were concentrate following water deprivation for 9-12 h was also assessed. found in all patients. In patient 9, a normal plasma aInappropriately increased with respect to the concurrent hypomagnesaemia (with negative magnesium balance, the urinary magnesium excretion rapidly falls to very low values unless urinary magnesium wasting is present). bMostly associated with a generalized dysfunction of the proximal tubule including excessive urinary amino acids, glucose, inorganic phosphate and bicarbonate (so-called de Tonı-Debré-Fanconi syndrome). cHypomagnesaemia is sometimes present in 'classic' Bartter syndrome (renal hypokalaemic alkalosis with normal or slightly increased urinary calcium excretion). magnesium level of 0.78 mmol/l had been found at another institution 3 years before diagnosis. All patients presented with normocalcaemic hypercalciuria. Both plain X-ray films and renal ultrasound revealed signs consistent with medullary nephrocalcinosis in the nine patients.
During the neonatal period, patient 7 presented hypocalcaemic seizures, but circulating calcium levels subsequently returned to normal. A mild generalized hyperaminoaciduria was noted in patient 2. The ability At the crossing point of the two curves, an 'equivalent point' is 8) were treated with thiazides, seven (3, 4, 5, 6, 7, 8 present, which represents the metabolic acid-base equilibrium that and 9) with potassium citrate and five (5, 6, 7, 8 and the kidney is able to maintain.
9) with magnesium salts.
At follow-up, hypomagnesaemia tended to persist have been described in 16 reports (each containing 1-8 and even to be exacerbated. However, normal plasma cases) following the first report by Michelis [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . magnesium values were sometimes noted in patients
The corresponding clinical data are summarized in when plasma creatinine values were found to be Table 3 . Urinary tract infections, polyuria-polydipsia, >250 mmol/l. renal stones and tetanic convulsions were the main The long-term course of plasma creatinine in the clinical findings at diagnosis in the patients. Renal eight patients with a follow-up of 5 years or more is failure was often reported. given in Figure 1 . Chronic renal failure followed by Renal transplant was not followed by recurrent terminal failure requiring dialysis was noted in patients hypomagnesaemia, hypercalciuria and nephrocal-1 (dialysis at the age of 27 years), 2 (20 years), 3 (14 cinosis in 10 patients [13, 20, 22] . However, a possible years) and 6 (16 years). Plasma creatinine currently is post-transplant recurrence was reported in a rather normal in patients 5 and 9 and slightly increased in poorly characterized patient [21] . patients 4, 7 and 8. Patients 1, 2, 3 and 6 received a
The concomitant occurrence of ocular involvement, cadaveric kidney graft 10-24 months after starting first emphasized by Castrillo [14] , was reported in 17 chronic dialysis. Graft failure secondary to chronic of the 42 patients [13] [14] [15] [16] 20, 23, 24] . Myopia and macurejection occurred in patients 2 and 3. Growth at lar colobomata were the most common ocular disdiagnosis was normal in the nine patients, as indicated orders. Hearing impairment was reported in two by the Z-score for height (from +1.8 to −1.3). Later families with two and one affected members, respecton, growth retardation was observed in patient 3, who ively [13, 21] . Parental consanguinity was noted in at developed severe renal failure before reaching adult least six of the 35 families with PHHN [15, 19, 22] . height.
None of the parents presented the full blown clinical The study of the renal contribution to acid-base spectrum of the diseases including renal hypomagnesabalance ( Figure 2 ) demonstrated a reduced urinary emia, hypercalciuria and nephrocalcinosis. However, ammonium excretion in patient 5. The 'bicarbonate abnormal renal findings such as isolated hypercalciuria equivalent point' was 21.9, 20.3 and 19.6 mmol/1 in or renal stones were discovered in 16 out of 23 families. patients 1, 2 and 3.
Review of the literature Discussion
Nephrocalcinosis refers to the diffuse deposition of Apart from the present report, at least 35 families and 42 patients (27 females and 15 males) with PHHN calcium in the kidney and urolithiasis to stones in the urinary tract, though the two conditions often co-exist saemia, as assessed by the xylidil blue colorimetric assay applied in the present study [27] , is widely used [31, 32] . Increased urinary calcium, oxalate or urate, low amounts of crystal formation inhibitors (such as in the literature [1] . However, other colorimetric assays or flame atomic absorption spectrophotometry some-citrate and magnesium or some recently described macromolecules) can result in nephrourolithiasis. Also, times provide different values [2, 20] . The definitions of hypercalciuria and hypomagnesiuria used in the urine volume and the acid-base status influence the interactions of the aforementioned ions to promote or present study take into account the fact that in healthy humans the urinary calcium:creatinine and the urinary abrogate crystal formation [31, 32] . Increased urinary calcium excretion, magnesium deficiency and urinary magnesium5creatinine ratios are elevated in infancy and decline progressively with age [28] . acidification disturbances might well account for the tendency towards nephrocalcinosis and urolithiasis in A group of patients concurrently affected by hypomagnesaemia and nephrourolithiasis or nephrocalcinosis PHHN [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] .
The biochemical criteria used for the diagnosis of reported by a Czechoslovakian group [33] and a girl with renal failure and hypomagnesaemia reported by renal magnesium wasting and hypercalciuria in PHHN deserve discussion. The kidney plays a pivotal role in Chesney and Haughton [34] were not included in our survey, since available information is too scanty. magnesium homeostasis [1] . When magnesium intake is curtailed or when there is intestinal magnesium
In PHHN, the cardinal features are rather heterogenous and the renal prognosis rather poor. In addition, malabsorption, the normal kidney reduces magnesium excretion to very low values (hypomagnesiuria). extrarenal disturbances not explained by altered salt homeostasis frequently occur. The history of one of Consequently, the concurrent demonstration of hypomagnesemia and urinary magnesium markedly higher our patients is consistent with the assumption that hypomagnesaemia sometimes is not present early in than the lower reference value demonstrates renal magnesium wasting [1] . The definition of hypomagne-life. The complaints and the findings at diagnosis are variable, including urinary tract infections (probably related to nephrocalcinosis and renal stones), polyuria- Table 3 . Clinical and biochemical data in 42 patients (from -polydipsia (related to impaired urinary concentrating 35 families) with primary hypomagnesemia-hypercalciuriaability), tetanic convulsions (related to magnesium nephrocalcinosis reported in the literature; the nine cases included deficiency) and muscle weakness or muscle cramps in the present report are not considered (probably related to magnesium deficiency). The study of the renal contribution to acid-base balance per- ascending limb of Henle [1, 5] . A gene encoding a [403] [404] [405] [406] [407] [408] [409] protein that mediates the paracellular resorption of 18 
